O
ptimal training progress requires a delicate balance between training stress and recovery. This balance will be highly individual and influenced by a large number of factors, such as the athlete's training status, adaptability, nontraining stress, lifestyle, and so on. However, despite its key role in allowing for training adaptation, recovery is one of the most overlooked of the universal training principles. Thus, to provide an optimal program it is important to effectively and efficiently monitor each student 's response to the summative stresses that are placed upon him or her.
This becomes even more important in any high school system where a strength coach works with a large number of student athletes from a wide range of sports. Although it is within the strength coach's control to vary training loads within sessions with appropriate periodized schedules, for example, the task of monitoring recovery is made more difficult by variations in the load resulting from team practices and matches. This is often exacerbated in some systems, such as in Europe, by student athletes simultaneously representing a number of different teams and by an excessively long competition phase in many sports, with the growth of the always-in-season athlete. In an attempt to monitor how student athletes are recovering from training and other stresses, and whether they are showing any symptoms of overtraining, we use a simple, cost-effective system of monitoring training stresses that can be used with a large population group, such as in high school or college.
Educational Value of Strength and Conditioning
An important element in any high school program has to be education. It is important to provide students with the knowledge and skills to enable them to make decisions that optimize their health and performance throughout their lives. Strength and conditioning provides a superb teaching tool, as it provides an ideal medium for the application of sport-science research and knowledge together with providing measurable results of interventions. To fully utilize this, we have developed an Athlete Development Program, which attempts to educate the student athlete in a range of key areas that affect athletic performance, such as nutrition, strength and conditioning, lifestyle management, career development, sport psychology, and so on. At all times student athletes are encouraged to keep accurate records of their performance and development in terms of areas such as training programs fols u m m a r y lowed, training logs, physiological test scores, nutritional logs, and goal setting, to name a few. All data are kept within a student athlete file, representing a comprehensive recording of the student's progress within the Athlete Development Program. This then contributes toward the student athlete's final grades and credits.
A key part of this program is monitoring the level of recovery and identifying symptoms of overtraining. Thus, student athletes are educated in the symptoms of overtraining and are encouraged to identify key parameters of their own performance that can be used to monitor their response to a training load. They are also encouraged to identify factors within their own lifestyle that contribute to their performance and to identify the means by which they can assist in the recovery process. A spin-off from this is that they learn how to read their own body responses and adapt their training and recovery strategies accordingly. Combined with classes on recovery techniques, for example, this provides an excellent tool for enhancing the recovery of our student athletes and in the application of the optimum training load.
The additional benefit of the educational aspect of the program is that student athletes are made aware of why they are undertaking the work and of the benefits it will bring them. This is the key in having them buy into the system, which is vital if the system is to be successful. The educational phase allows the student athletes to take ownership of the system. Its success is directly related to the effort put into the recording of the key data, and thus the time spent in educating the students helps in the success of the system and a reduction in workload on the coach at a later date. Once the system is running, the onus is put onto the student athletes to report to the coach any symptoms of overtraining identified. This reduces the time burden on the coach to monitor the system and results in key feedback given to the coach that can be used in monitoring and developing the strength and conditioning program.
Individual Differences
A high school strength and conditioning coach will work with many individuals, and each one will be unique in terms of his or her tolerance of a training load, adaptability to the load, and recovery ability-in essence, the principle of individual differences. Thus, student athletes will react differently to any training load. At any given time a number of student athletes may be understimulated whereas others may be overstimulated and in danger of entering an overtraining state. It is important that the coach differentiates between these reactions and provides an optimal training and recovery program for each student athlete. The coach needs a tool that can monitor how each individual responds to specific loads. This is especially true in younger student athletes, who show earlier symptoms of overtraining (2) and therefore need to be monitored closely. For this reason we introduce the student athletes to the system as early as possible via the educational program. Although overtraining is a cumulative process and may not be prevalent in the early part of the program, the benefits of educating the student athletes in the importance of recovery and the symptoms of overtraining are well worth the effort. This may lead some to look closely at their athletic schedules, training schedules, and lifestyle patterns and make educated decisions as to their efficacy in enhancing performance, ideally reducing the likelihood of experiencing overtraining syndrome. Additionally, student athletes are comfortable with using the system throughout their high school athletic careers and can therefore effectively monitor their recovery response throughout.
What Is Overtraining?
McArdle et al. (4) define overtraining as "untreated overreaching, that results in long-term decreased performance and an impaired ability to train." This is a common trend among many definitions of overtraining, namely, an emphasis on excessive training load. We believe it is important to emphasize the role of recovery in the overtraining equation, especially in proactive recovery where student athletes are educated and encouraged to take responsibility for their own recovery. Therefore, we prefer to emphasize a definition of overtraining used by Lehman et al. (3) where overtraining is defined as an "imbalance between stress and recovery." This definition has the advantage of emphasizing that total stress placed on a student athlete at any time is not just the summation of training loads; for each student athlete, training stress is only one in a range of stressors placed on the body. Factors such as class schedules, examinations, competitive schedules, travel, lifestyle patterns, and emotional turmoil all contribute to the summative stresses that the student athlete faces. The summative effect of all stressors will depend on the "intensity, nature, duration and distribution over time of the stress" (2).
Within our education program we emphasize 3 elements to look at in monitoring training status: the training load, the recovery ability, and the summative stresses. We believe this is far more beneficial than simply focusing on the training load, as is the case with many definitions of overtraining. This gives an advantage in that the student athlete can, in many cases, positively affect both the processes and the summative stresses.
Long-Term Versus Short-Term Overtraining
The literature on overtraining predominantly relates to long-term overtraining and a state of staleness, which is a characteristic and undesirable product of overtraining. At this time a student athlete will have problems in maintaining performance. However, it is important to acknowledge that at times he or she must endure a training load that will place a stress on his or her body that elicits the responses normally associated with an overtrained state. This situation can be endured for only a short period and is a process that could be termed "short-term overtraining" or "overreaching." We prefer to use the latter term. Unlike long-term overtraining, which takes many weeks or months to recover from, supercompensation as a result of overreaching can occur after a short period of 1 to 2 weeks (2). However, if not controlled, overreaching can produce long-term overtraining; therefore, it is especially vital to monitor each individual's response to periods of overreaching to ensure that this situation does not occur. The coach needs to monitor each student athlete's training response.
Overtraining Versus Underrecovery
Although the exact mechanisms of supercompensation are not generally agreed upon (e.g., the 1-factor theory or 2-factor theory put forward by Zatsiorsky [7] ), the role of recovery is vital. By stressing the role of recovery in controlling long-term overtraining, we believe that the student athletes are given more control over the situation rather than focusing solely on the training load, which they will often think is out of their control and is controlled by their coach. We stress that recovery encompasses active processes of reestablishing physiological and psychological condition. The active processes are stressed to emphasize that the student athletes can be proactive in enhancing recovery. Combined with an educational program in lifestyle control and proactive recovery methods, they are empowered to take control of their own recovery and training progress.
It is important for the coach to monitor his or her student athletes in terms of their ability to cope with training stress. Performance tests and measures are a great tool in looking at performance development but cannot always identify symptoms of overtraining or may only highlight problems once the overtraining state has been reached. Also, in the majority of cases, the infrequency of performance tests does not allow for a rapid response to overtraining.
Symptoms of Overtraining
In attempting to identify overtraining, it is important to establish key indicators. Roberg and Roberts (5) list the following as key symptoms of an overtrained state:
• An increased resting heart rate.
• A loss of bodyweight.
• A decrease in appetite.
• Muscle soreness that lasts more than 24 hours.
• Poorer running economy and increased submaximal heart rate.
• An increase in illness.
• A decrease in performance.
• A lack of desire in training or competing.
• Increased serum enzyme activity for creatine kinase and lactate dehydrogenase.
In addition, Wilmore and Costill (6) add sleep disturbances to this list of symptoms. Thus, overtraining can have physiological, psychological, and behavioral symptoms, and the exact symptoms will vary among individuals.
Identifying Overtraining
Although the symptoms of overtraining syndrome are highly individualized, the presence of 1 or more of the key symptoms could be a sign that a student athlete has not fully recovered from the training stimulus and therefore may be at risk of entering an overtraining state. Although science has not set up a "sensitive gauge of overtraining that is non-invasive, inexpensive and applicable to all athletes" (5), the individual student athlete can identify many of the symptoms. Some of the indicators listed do require invasive or expensive techniques, but others can be recorded quickly, cheaply, and noninvasively and can give an overall picture of a student athlete's training status.
To monitor recovery, we use a simple system (see Figure) whereby many of the variables that a student athlete can identify are recorded in a simple format to provide data upon which to base an analysis of his or her training status. The system we set up was based on work carried out by Calder (1) in Australia, where work on overtraining is especially well developed. We have thus set up a simple 1-sheet form on which a student athlete can record his or her performance against a number of the identified parameters of overtraining. These are then kept within a student file, which provides a permanent record of our student athlete's development and his or her response to training loads. This provides an objective means of measuring the response to the training stimulus, and, should symptoms of overtraining be spotted, it allows us to react promptly before a state of long-term overtraining is reached.
Types of Overtraining
Although overtraining syndrome is often seen as a single entity, Kellman (2) differentiates between a sympathetic and a parasympathetic type of overtraining. Sympathetic overtraining is characterized by "restlessness and excitation"(2), whereas parasympathetic overtraining is characterized by "inhibition and depression"(2). Sympathetic overtraining is seen as far more prevalent, (6) whereas parasympathetic overtraining is seen as very rare and, where present, is more likely to be found in anaerobic sports (2) . However, Kellman (2) stresses that this classification currently suffers "from a lack of empirical support and experimental data." If this differential between sympathetic and parasympathetic overtraining does exist, then this presents a challenge to this system as some of the classic symptoms of overtraining syn- drome are reversed in the parasympathetic form (e.g., reduced rather than raised resting heart rate). Thus, within the system it was important to integrate symptoms that were common to both types (e.g., reduced performance, reduced immune function, early onset of fatigue, motivation) to ensure that all types of overtraining could be identified.
Using the System
At the start of the recording sheet, student athletes are required to identify the training week and training phase (preparatory, precompetition, competition, etc.) along with the weekly goals, which are agreed upon by the coaching teams. This is important because it helps coaches evaluate the effectiveness of their programs in relation to the goals. It also helps the student athletes identify periods of planned overreaching, which are included in the program, and where deterioration in the quality of scores is expected. Even at this time the form helps identify student athletes who can tolerate high levels of overreaching type training without having excessive symptoms of underrecovery, and it helps us in providing appropriate training loads for these individuals.
The student athletes are then asked to rate their level of nonathletic stress. Wilmore and Costill (6) note that stress tolerance can break down from a sudden increase in anxiety and not just an increase in physical distress. Thus, this type of stress needs to be accounted for when setting the training programs and allows a coach to respond to periods when his or her student athletes may be under excessive stress, such as during exam times or when experiencing the emotional demands of competition. It also helps emphasize to the student athletes the interrelationship between their lifestyle and their performance.
The rest of the form consists of daily recording of key data, which relate to physiological, psychological, and behavioral symptoms of overtraining. Student athletes are asked to record a number of key parameters, both objective and subjective, which contribute to the coach's overall picture of how they are responding to the set training stimuli and how they are recovering from each session.
The key objective measures are the resting heart rate and waking body weight, with the resting heart rate the most sensitive to the development of overtraining (5) . To this we add the number of hours of sleep, which is a key factor for developing student athletes. Inadequate sleep can, in itself, be a cause of low recovery.
Student athletes are advised of how to standardize their own testing processes, stressing the need for consistency. They are taught how to take heart rates, and these are taken upon waking. Bodyweight is then recorded before eating and after going to the toilet. Clearly, there will be interathlete variance in accuracy of heart rate recording and weighing scale accuracy, but the key here is simply to record any variation within the individual student athlete; therefore, interathlete variance is of less importance in this case. The student athletes then take a subjective measure of sleep quality related to overtraining with a 5-point Likert scale, which is used for all the subjective measures. On the scale, "5" represents a great score and "1" represents a poor score.
In the evening, the student athletes record a brief record of their training or competition schedule for that day. This record of training is supplemented by more-detailed training logs that they keep in their files and that can be referred to if additional detailed investigation is required. They then rate the work quality that they achieved in competition or training for that day, as this is a key indicator of underrecovery and a precursor of overtraining. We also ask them to record whether they used recovery techniques during that day, for this contributes to their capacity to recover and further emphasizes the proactive approach to recovery we wish them to take.
The student athletes then make 5 subjective measures on factors relating to overtraining. Again, interathlete comparisons are far less important than are individual student athlete trends. They record their scores for general health, appetite, their motivation to train, their general energy levels, and their level of muscle soreness, all of which are factors identified as symptoms of overtraining.
All the above data give us a battery of information that can be used to determine a student athlete's recovery and training status in relation to overtraining. By using a range of measures that incorporate physiological, psychological, and behavioral factors, it is more likely that any trend toward underrecovery and overtraining can be identified, and action can then be taken to remedy the situation.
Responding to Overtraining Symptoms
The student athletes' scores give us a trend for each week, which is used to monitor each individual. The student athletes are asked to bring to our attention any trends of deterioration in any of the scores. Although we acknowledge and stress that day-to-day variations are to be expected, we are keen to establish a trend. Thus, if a student athlete's scores are depressed for 3 days or more, he or she is asked to bring this to our attention, and we then discuss key data. The onus on reporting is put on the student athlete because this reduces the administrative burden on the strength coach, who is already heavily burdened.
Clearly, if a number of team athletes report depressed trends, we then look at the training loads for the whole team or increase the number of specific recovery sessions. If needed, the recovery can be enhanced by various methods, including reducing the stress, changing the stress, increasing proactive recovery sessions, or removing the stress completely. The method that is used depends on the severity of the symptoms reported, the nature of the stressor, and the phase of training. If only a few individuals report depressed trends, we then make individual modifications to the training loads or recovery sessions as appropriate.
We acknowledge that this method is not foolproof and cannot measure a number of important aspects of overtraining, such as hormonal changes; however, we believe it does provide a simple and effective tool in identifying overtraining symptoms that coaches face within teams or groups at the high school level. This identification allows us to make appropriate modifications to the program before more long-term overtraining symptoms become prevalent. Without this tool, we would have to rely solely on intuition, which is difficult given the large number of student athletes a high school coach works with. This also helps evaluate the effectiveness of our programs and, together with performance data, assists in the annual development of our strength and conditioning program. We have also been encouraged by the system's educational effect, with student athletes becoming far more aware of their reactions to exercise, the problems and symptoms of overtraining, and the role of lifestyle and recovery in achieving superior athletic performance. This educational process is a key factor in any high school strength and conditioning program.
At all times we try to follow a simple code: Train smart, train hard, and recover well. We believe that this approach is important in optimally developing each student athlete's performance. ♦
